Application of Ultrasound and Ultrasound-Guided Intervention for Evaluating Elbow Joint Pathologies  by Lin, Chia-Wei et al.
Journal of Medical Ultrasound (2012) 20, 87e95Available online at www.sciencedirect.com
journal homepage: www.jmu-onl ine.comREVIEW ARTICLE
Application of Ultrasound and Ultrasound-Guided
Intervention for Evaluating Elbow Joint PathologiesChia-Wei Lin, Yan-Hao Chen, Wen-Shiang Chen*Department of Physical Medicine and Rehabilitation, National Taiwan University Hospital, Taipei, Taiwan
Received 16 January, 2012; accepted 3 April, 2012KEY WORDS
elbow,
epicondylitis,
tendon,
ultrasound* Correspondence to: Dr. Wen-Sh
Physical Medicine and Rehabilitation,
Hospital, 7 Chan-Shan South Road, Ta
E-mail address: wenshiang@gmail.
0929-6441 ª 2012, Elsevier Taiwan LL
doi:10.1016/j.jmu.2012.04.007Elbow pain and injuries are commonly observed in athletes and those who perform repeated
forearm movements. Inflammatory disorders, soft tissue injuries, neoplasms, and nerve
entrapment syndromes are also observed within the elbow joint. Ultrasound has the advan-
tages of providing high-resolution images of the soft tissues, the absence of radiation expo-
sure, easy accessibility, low cost, and it provides relatively easy dynamic examinations in
comparison with other radiologic modalities. Because of these advantages, diagnostic ultra-
sound and ultrasound-guided interventions for evaluating the elbow joint have increased in
importance. This article reviews the applications of ultrasound for the diagnosis of common
elbow pathologies, including medial epicondylopathy, lateral epicondylopathy, ulnar collateral
ligament injury, distal biceps tendon rupture, triceps tendon rupture, joint effusion, olecranon
bursitis, occult fracture, soft tissue mass, and nerve entrapment. In addition, this article
discusses ultrasound-guided intervention, including aspiration, the injection of medications,
and minimally invasive surgical procedures.
ª 2012, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
Elbow pain is commonly observed in athletes who perform
frequent overhead arm motions, exert excessive stress to
the elbow [1,2], and those who perform repeated forearm
movements [3,4]. Common elbow pathologies result fromiang Chen, Department of
National Taiwan University
ipei 100, Taiwan.
com (W.-S. Chen).
C and the Chinese Taipei Societyinflammation or injury to the bones and para-articular
structures [5]. The use of ultrasound to perform elbow
examinations has gained prevalence because of the
absence of radiation exposure, accessibility, reduced cost,
and the ease of this dynamic examination in comparison
with other radiological modalities. By exploiting the
advantages of ultrasound, clinicians can quickly and accu-
rately diagnose elbow pathologies and promptly adjust
treatment plans by evaluating the extent of the lesions and
the integrity of the associated structures. Ultrasound-
guided injection has also contributed to the therapy ofof Ultrasound in Medicine. Open access under CC BY-NC-ND license.
88 C.-W. Lin et al.many elbow pathologies because of its multiplanar capa-
bility and ability to visualize soft tissues, vessels, nerves,
and direct needle placements. This paper addresses the use
of ultrasound to examine the elbow joint, common elbow
pathologies that can be diagnosed using ultrasound, and
ultrasound-guided intervention techniques.
Ultrasound examination procedure
The elbow joint is composed of three bones (the humerus,
ulna, and radius), two ligament complexes (the medial
collateral ligament complex and lateral collateral ligament
complex), associated tendons (the distal biceps tendon,
triceps tendon, extensor carpi radialis longus tendon,
pronator teres tendon, common extensor tendon, and
common flexor tendon), associated nerves (the median
nerve, ulnar nerve, and radial nerve), and vasculatures (the
brachial artery and brachial vein). Ultrasonographic exam-
ination of the elbow joint can be divided into four cate-
gories: the anterior elbow, medial elbow, lateral elbow,
and posterior elbow. Although we could examine the four
aspects separately, a complete history and physical exam-
ination may indicate specific structural lesions. Table 1 lists
the structures that were examined in each category [6].
Dynamic examination can assess the integrity of the
ligaments, stability of the nerve, and the presence of joint
effusion. Valgus and varus stress maneuvers over the elbow
can test the integrity of the medial collateral ligament and
lateral collateral ligament complex, respectively. The
presence of joint effusion is more clearly visualized during
joint movement of the elbow. The ulnar nerve can be
observed to be either subluxating over the apex of the
medial epicondyle or dislocated outside the cubital tunnel.
Common elbow diseases that can be diagnosed
using ultrasound
The common pathologies of the elbow joint can be divided
into four categories: trauma, overuse injury, inflammatoryTable 1 Common structures of the ultrasonographic
examination of the elbow joint.
Aspect Structure
Anterior elbow Anterior joint recess
Distal biceps muscle and tendon
Brachialis muscle
Brachial artery
Median nerve
Radial nerve
Medial elbow Common flexor tendon
Medial collateral ligament
Lateral elbow Common extensor tendon
Lateral ulnar collateral ligament
Radial nerve
Posterior elbow Posterior fossa
Posterior fat pad
Olecranon bursa
Cubital tunnel
Triceps muscle and tendondiseases, and neoplasms. This article reviews the common
etiologies that can be diagnosed using ultrasound.Lateral/medial epicondylopathy
Lateral and medial epicondylopathy cause most elbow joint
pathologies. Several terms are used to describe these
pathologies, such as epicondylitis, epicondylosis, and epi-
condylalgia. Kraushaar and Nirschl suggested four stages of
injury to the common tendon that originate from the epi-
condyles: stage 1 injury, inflammation; stage 2 injury,
tendinosis or angiofibroblastic degeneration, which is
characterized by hypertrophy of the fibroblasts, abundant
disorganized collagens, and vascular hyperplasia; stage 3
injury, which is associated with pathological changes (ten-
dinosis) and complete structural failure (i.e., rupture); and
stage 4 injury, which encompasses the features of stage 2 or
3 injury in combination with changes such as fibrosis, soft
matrix calcification, and osseous calcification [7].
Lateral epicondylopathy, often referred to as “tennis
elbow”, clinically presents as lateral elbow pain and the
lack of strength and function of the elbow and wrist after
repetitively use of the extensor tendons in the elbow. In
a previous study, the pathological findings included repet-
itive microtrauma with mucoid degeneration of the
common extensor tendon where it attaches to the lateral
epicondyle of the humerus [6]. The extensor carpi radialis
brevis tendon is most often involved in lateral epicondyl-
opathy, but there is also variable involvement of the
extensor digitorum communis, extensor carpi radialis lon-
gus, and extensor carpi ulnaris tendons [2,8e10]. A path-
ological tendon may demonstrate hypoechogenicity, an
increase in caliber, fibrillar disruptions, or hyperemia on
Doppler investigations (Fig. 1) [11,12]. Lee et al indicated
that a common extensor tendon cross-section area 
32 mm2 (sensitivity, 86.3%; specificity, 82.5%; accuracy,
84.2%) and a thickness of 4.2 mm (sensitivity, 78.4%; spec-
ificity, 95.2%; accuracy, 87.7%) correlate well with the
presence of lateral epicondylitis [13]. Concomitant injury
to the lateral ulnar collateral ligament should also be
considered. The most significant ultrasonic features related
to poor clinical outcomes are the presence of a tear in the
lateral ulnar collateral ligament and a large intrasubstance
tear [14].
Medial epicondylopathy, which is often referred to as
“golfer’s elbow”, clinically presents as medial epicondyle
pain with the lack of strength or function in the elbow and
wrist after repetitively use of the flexor tendons in the
elbow. Most pathological findings are in the pronator teres
and flexor carpi radialis, followed by the flexor carpi
ulnaris, palmaris longus, and flexor sublimis [15]. The
common flexor tendon may exhibit hypoechogenicity, loss
of the normal fibrillar pattern, increased caliber, partial or
full thickness tears, calcification, and hyperemia from
neovascularization on Doppler investigation (Fig. 2) [11].
Concomitant injury to the ulnar collateral ligament (UCL)
should also be considered. Furthermore, the anterior band
of the UCL is more vulnerable than both the posterior and
oblique bands. Dynamic assessment using the valgus stress
test has been advocated for determining ligament laxity
and integrity [16e18].
Fig. 1 Lateral epicondylopathy. (A) Long-axis gray-scale 14-MHz ultrasound image revealing a hypoechoic focus (*) in the fibers of
the common extensor tendon (white arrowheads). (B) Color Doppler image demonstrating a hypervascular pattern composed of
a series of tiny vessels throughout intratendinous hypoechoic areas. LEZ lateral epicondyle; RHZ radial head.
Ultrasound of the Elbow Joint 89Young athletes may develop elbow injuries caused by
excessive stress to the immature skeleton [19]. “Little
league elbow” includes medial epicondylar fragmentation,
and osteochondritis dissecans (OCD) of the capitellum and
ulnar collateral ligament injuries are common throwing
injuries that manifest in young baseball players [20]. Har-
ada et al reported that ultrasound can detect such elbow
injuries, even in their asymptomatic stages [21]. Medial
epicondylar fragmentation is a discontinuity of the medial
epicondyle (Fig. 3) [21]. OCD of the capitellum with a non-
displaced fragment can be visualized as double-high echo-
genic areas in the capitellar subchondral bone, and OCD of
the capitellum with a displaced fragment can exhibit
a hypoechoic structure over the osteochondral defect [22].Ulnar collateral ligament injury
The mechanism of ulnar collateral ligament injury involves
forceful valgus stress during overhead throwing, medial
stretching of the soft tissue, and posterior impingement
[9,23]. The anterior bundle of the ulnar collateral ligament
can be observed using high-resolution ultrasound. A full-
thickness tear of the ulnar collateral ligament is rare;
a partial-thickness tear of the ulnar collateral ligament can
be considered heterogeneous or hypoechoic with a loss of
the normal fibrillar pattern [6]. Comparing the amount of
ulnohumeral joint widening that occurs during theFig. 2 Medial epicondylopathy. (A) Long-axis gray-scale 14-MHz u
the common flexor tendon. The ulnar collateral ligament (white ar
increase in vascularity over the common flexor tendon or uln
CFTZ common flexor tendon.application of valgus stress to both elbows can contribute
information regarding the degree of joint laxity [18].
Rupture of the distal biceps tendon
Trauma to the distal biceps tendon usually involves forced
extension when the elbow flexed at 90 [24]. A full-
thickness tear of the distal biceps tendon presents as
a hypoechoic gap between the proximal retracted tendon
fragment and the radial tuberosity; in some instances,
hematoma can be distally observed. A partial-thickness
tear of the distal biceps tendon presents as an abnormal
undulation of the tendon fibers without retraction [5]. A
complete or partial-thickness tear of the distal biceps
tendon may be associated with peritendinous fluid or
radiobicipital bursitis [6].
Rupture of the triceps tendon
A triceps tendon injury usually results from a fall that has
been broken by an outstretched hand, or less commonly
due to a direct blow or forced flexion such as in wrestling
[25]. Rupture of the triceps tendon presents as a disruption
of the normal tendon appearance. A triceps tendon injury is
usually related to an avulsion fracture of the olecranon
process. Hence, the role of ultrasound is to determine the
extent and degree of the tear or retraction; any dynamicltrasound image revealing a hypoechoic focus (*) in the fibers of
rowheads) is intact. (B) Color Doppler image demonstrating no
ar collateral ligament. MEZmedial epicondyle; UZ ulna;
Fig. 3 Medial epicondylar fragmentation in a 13-year-old
baseball player. Long-axis gray-scale 14-MHz ultrasound image
of a disclosed medial epicondyle discontinuity with evidence of
medial epicondylar fragmentation (arrows). MEZmedial epi-
condyle; TZ trochlea; UZ ulna; CFTZ common flexor
tendon.
Fig. 4 Acute olecranon bursitis. Midsagittal 14-MHz ultra-
sound image of the olecranon process showing a distended
olecranon bursa (white arrows) with increased vascularity. The
distal triceps tendon (*) is intact. OZ olecranon process.
90 C.-W. Lin et al.study using longitudinal scanning during flexion and
extension is generally useful [5].
Snapping triceps syndrome
Snapping triceps syndrome is the medial dislocation of the
medial head of the triceps muscle over the medial epi-
condyle during elbow flexion. The clinical presentation of
snapping triceps syndrome includes medial elbow pain,
snapping, neuropathy, or a combination of these symptoms.
A previous study reported the diagnosis of snapping triceps
syndrome when the hypoechoic medial muscle belly of the
triceps muscle was dislocated over the apex of the medial
epicondyle during elbow flexion [26].
Joint effusion
The accumulation of joint fluid can be detected using
ultrasound by examining the distended recesses of the
elbow joint. There are five recesses in the elbow joint: the
olecranon recess, coronoid recess, annular recess, and two
small recesses that are deep in the medial and lateral
collateral ligaments. Small amounts of fluid initially collect
in the olecranon recess and can be most clearly revealed
using ultrasound when the elbow is flexed. A previous study
was able to identify 1e3 mL of joint fluid using ultrasound
in comparison with plain film that can only detect 5e10 mL
of joint fluid [27]. When larger amounts of fluid are present,
synovial processes cause progressive elevation of the
anterior and posterior fat pads, giving them a crescent-
shaped appearance [27,28].
In chronic hypertrophic arthritis, such as rheumatoid
arthritis and herniation of the synovial pannus in the peri-
articular soft tissues of the elbow, the accumulation of
joint fluid can distend the anterior periradial recess,
thereby mimicking a cystic mass in the antecubital region
[29]. Ultrasound detects the pannus as hypoechoic synovial
tissue in association with intra-articular anechoic effusion
and erosion of the hyaline cartilage and subchondral bone
on the joint surfaces. Lerch reported that in the early stage
of rheumatoid arthritis, sonography is superior to X-ray for
detecting soft tissue changes and minor erosions of the
joint [30].Olecranon bursitis
Bursae are flattened potential spaces that are lined by
synovial cells. On ultrasound images, normal bursae
appear as hypoechoic spaces surrounded by hyperechoic
synovial cells. Olecranon bursitis is a type of superficial
bursitis, which may result from trauma, repetitive stress,
friction, inflammation, or infection. In acute bursitis,
synovial thickening and proliferation can be observed and
soft tissue hyperemia is often detected as an accompa-
nying finding using color and power Doppler imaging
(Fig. 4). In chronic bursitis, fibrous adhesion and debris
can be observed. However, ultrasound images cannot
distinguish infected from noninfected bursal fluid collec-
tions [5].Intra-articular bodies
Intra-articular bodies are frequently caused by trauma and
are often found in the synovial recesses. Detecting intra-
articular bodies may be difficult using plain film or cross-
section views on magnetic resonance imaging (MRI) or
computed tomography (CT), especially if they are small or
if there is the absence of joint fluid. On sonographic
examinations, intra-articular bodies typically present as
hyperechoic foci in the recesses or are trapped in the
synovial fold [5]. Real-time imaging may demonstrate the
movement of these bodies, and the intra-articular injection
of saline can increase the detection rate of such bodies
[31,32].Occult fracture
At the elbow joint, radial head fractures, OCD of the
humeral capitellum, and medial epicondyle avulsion
injuries are among the most common bony lesions. Ultra-
sound demonstrates the potential for diagnosing occult
fractures, which are not revealed using plain film. Cortex
irregularity and cortical depression can also be observed
using ultrasound. The injury site can be identified if
particular attention is paid to any associated subperiosteal
hematoma or overlying soft tissue swelling [33]. The pres-
ence of hemarthrosis or joint effusion is strongly suggestive
of fracture.
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Soft tissue masses in the elbow usually require imaging
studies for diagnosis. Ultrasound is the first-line choice for
detecting the presence of a mass lesion and can distinguish
nonneoplastic and neoplastic masses. Using ultrasound
facilitates the assessment of the mass and can be used to
determine its type, shape, size, compressibility, relation-
ship with surrounding structures, and vascularity. Addi-
tional imaging studies, such as MRI and biopsy, may have to
be conducted after the first assessment. The real-time
dynamic characteristics of ultrasound can be exploited to
reproduce patient symptoms by compressing the transducer
onto the target and guide biopsy and aspiration.Fig. 6 Pigmented villonodular synovitis (PVNS). Mixed hypo-
echoic and hyperechoic intrinsic components with minimal
peripheral vascularity (arrowheads) posterior to the olecranon
process. Biopsy confirmed the diagnosis of PVNS. OZ olecra-
non process.Nonneoplastic masses
Elbow joint effusion in chronic arthritis may extend to
various recesses and can be detected as a hypoechoic or
anechoic masses that are connected to the elbow joint
using ultrasound with posterior acoustic enhancement. The
dynamic evaluation of ultrasound can be used to determine
fluid fluctuation with transducer pressure. Heterogeneous
echotexture, hypertrophic synovium, and increased vascu-
larity are indicative of active inflammation (Fig. 5A) or
infectious processes (Fig. 5B). Pigmented villonodular
synovitis is sometimes observed with similar sonographic
patterns (Fig. 6). Ultrasound-guided aspiration may be
required to reach a diagnosis. Bursal distention resulting
from a bursitis can also mimic a mass. Superficial olecranon
bursa and deep bicipitoradial bursa are most commonly
involved in the elbow.
A posttraumatic muscle tear and hematoma can be
palpated in the same manner as a mass. Increased echo-
genicity is generally observed in association with acute
hematoma, whereas subacute and chronic hematomas
usually exhibit hypoechoic changes and are sometimes
liquefied and identified as cystic lesions [34].
Epidermoid cysts are caused by the proliferation of
epidermal cells that have been displaced into the subepi-
dermal area. Epidermoid cysts are composed of keratin
and lipid-containing debris and sonographically appear asFig. 5 Elbow joint synovitis. (A) Marked hypertrophic synovium
echoic heterogeneous change with moderately increased vascula
Doppler. Aspiration confirmed an infectious origin.encapsulated, hypoechoic, heterogeneous, compressible
masses with posterior acoustic enhancement (Fig. 7)
[35]. Other nonneoplastic masses in the elbow include
granuloma annulare and foreign bodies [34]. The appear-
ance of reactive masses cannot usually be differentiated
from other neoplastic masses.
Neoplastic masses
Lipomas are the most common benign neoplastic masses
that are found in the elbow. The sonographic features
include elliptical or ovoid shapes, as well as avascular,
compressible, and well-defined masses with internal
hyperechoic linear striations that are parallel to the skin
and located in the subcutaneous tissue or intermuscular
and intramuscular areas. The sonographic appearance of
a lipoma is usually sufficient for a diagnosis, but a large
mass with heterogeneous components and increased
vascularity may indicate a liposarcoma [34]. Angiolipoma is
a variant of a lipoma that appears as a homogeneously
echogenic solid mass [35].without vascularity indicating chronic inflammation. (B) Hypo-
rity indicating acute inflammation. Determined using power
Fig. 7 Epidermoid cyst at the dorsum of the lateral elbow.
Longitudinal sonogram showing a well-defined homogeneous
hypoechoic lesion with posterior acoustic enhancement. The
mass was compressible and avascular on power Doppler (not
shown).
92 C.-W. Lin et al.Schwannoma, also known as neurilemmoma, is a benign
peripheral nerve sheath tumor. On ultrasound images, it is
a well-defined hypoechoic fusiform mass with mixed
components and posterior enhancement (Fig. 8). Continuity
of the peripheral nerve is characteristic of a neurogenic
tumor; however, distinguishing a schwannoma from
a neurofibroma is difficult. Other benign neoplastic masses
in the elbow include vascular lesions (hemangioma and
lymphangioma), myxoma, and fibromatosis. High-flow
hemangiomas can be detected using Doppler ultrasound
with pulsatile arterial flow, but low-flow lesions usually lack
the necessary signals [34,35]. Myxomas result from exces-
sive mucin production by fibroblasts. A well-definedFig. 8 Schwannoma of the ulnar nerve in a patient with
cubital tunnel syndrome. Longitudinal sonogram showing
a well-defined hypoechoic heterogeneous lesion with charac-
teristic entering and exiting of the nerve fascicles (arrow-
heads), indicating a neurogenic lesion.hypoechoic mass with internal cystic areas can be observed
using ultrasound.
Sarcomas are the most common primary malignant
tumors of the soft tissues. Sonographic findings indicative
of malignancy include irregular margins, increased size,
heterogeneous echotexture, infiltration into adjacent
tissues, and increased vascularity (Fig. 9). However, these
findings are nonspecific, and a biopsy is required for
a histopathological confirmation. Under the guidance of an
ultrasound, a biopsy can be accurately performed in regions
of increased blood flow rather than regions of central
necrosis [34].
Nerve entrapment
Three nerves are located at the elbow joint: the median,
ulnar, and radial nerves. Entrapment of the ulnar and radial
nerves at the elbow joint can be detected using static and
dynamic sonographic examinations [5,36e38]. However,
entrapment of the median nerve at the elbow joint is less
common.
Ulnar nerve entrapment
During ultrasound examination, the transducer is placed
between the olecranon and medial epicondyle. The thick-
ness of the ulnar nerve measures 2 mm 3 mm along the
transverse view [5]. An ulnar nerve injury at the elbow
typically includes trapping, subluxation, or dislocation.
Cubital tunnel syndrome is caused by decreased cubital
tunnel volume. Ulnar neuropathy presents as an initially
abnormal enlargement with decreased echogenicity of the
nerve, leading to atrophy and thinning of the nerve at the
site of compression with proximal swelling [5]. A cut-off
value of 10 mm2 for the maximal cross-sectional area of
the ulnar nerve yields both sensitivity and specificity of 88%
for the diagnosis of ulnar neuropathy at the elbow when the
elbow is flexed 30 [37]. Yoon et al indicated that in ulnar
neuropathy patients, the ratio of the ulnar nerve cross-
sectional area at the site of maximal swelling in compar-
ison with the area at the forearm (2.9:1) or the area at the
midhumerus (2.8:1) was significantly larger than the control
group (p < 0.0001) when the elbow was flexed at 90 [36].
Subluxation of the ulnar nerve can be assessed using
dynamic examination of the elbow joint during flexion and
extension. Dislocation can be diagnosed if the ulnar nerve is
lying over the apex of the medial epicondyle when the
elbow is in flexion (Fig. 10) [26].
Radial nerve entrapment
The radial nerve is divided into the deep branch, posterior
interosseous nerve, and the superficial sensory branch at
the elbow level. The posterior interosseous nerve pierces
the supinator muscles to reach the posterior compartment
of the elbow. In up to 35% of individuals, the origins of the
superficial head unite to form a fibrous arch, which is
commonly known as the “arcade of Frohse”. The posterior
interosseous nerve is vulnerable to compression injury at
the arcade of Frohse. The compressed nerve typically
Fig. 9 Sarcoma of the elbow. (A) Transverse sonogram showing a well-defined hypoechoic lesion with minimal internal
heterogeneous changes. (B) Power Doppler revealing increased vascularity within the lesion. Biopsy confirmed the diagnosis of
sarcoma.
Ultrasound of the Elbow Joint 93appears swollen and hypoechoic proximal to or inside the
supinator muscle [38].Ultrasound-guided intervention of the elbow
joint
Ultrasound has the advantage of multiplanar and real-
time observation of the soft tissues and is useful for
guiding therapeutic interventions, including local injec-
tion and minimally invasive procedures. For diagnostic
purposes, ultrasound can guide a percutaneous biopsy of
a soft tissue mass located in the elbow [6]. Direct visu-
alization of the targeted site increases the accuracy of
tissue sampling. Compared with CT, ultrasound is faster
and lacks the risk of exposure to radiation. Ultrasound can
also guide the aspiration of cystic lesions or effusion
within the elbow joint, help to differentiate possible
etiologies, and achieve the relief of symptoms. Under
real-time ultrasound guidance, the tip of the needle or
instrument should be directly visualized during the
procedure in order to avoid injury to the surrounding
neurovascular structures.
Ultrasound-guided therapeutic injections have been
widely used for the treatment of tendon or ligament
abnormalities within the elbow, especially in patients who
are refractory to conservative treatments such as rest,
nonsteroidal anti-inflammatory drugs, splinting, and phys-
ical therapy. In lateral epicondylitis, tendinopathy or
enthesopathy at the insertion site of the common extensor
tendons are common findings. Corticosteroid peritendinous
injection has been shown to be beneficial for short-term
reductions in pain due to lateral epicondylitis [39].Fig. 10 Ulnar nerve dislocation. (A) Transverse sonogram showing
posterior to the medial epicondyle (ME) during elbow extension. (
nerve (white arrow) over the medial epicondyle apex (ME) during eUltrasound can provide guidance during injection and avoid
the direct injection of the corticosteroid into the tendon
substance or subcutaneous tissue, which may cause
subcutaneous fatty atrophy and skin depigmentation
(Fig. 11). Other types of noncorticosteroid injections are
available, including sodium hyaluronate and botulinum
toxin, but their efficacies remain unclear.
Recently, numerous advanced and evolving therapeutic
methods have been aimed at eliminating the degenerative
changes that present in the tendon in order to promote the
healing process. Moderate amounts of evidence suggest
that ultrasound-guided prolotherapy injection is a poten-
tially treatment for lateral epicondylitis [39]. Prolotherapy
is typically performed by the injection of 20% dextrose
solution and morrhuate sodium. Autologous whole blood
and platelet-rich plasma injections have also been
proposed as a way to provide the growth factors that induce
tendon healing [40,41]. Additional randomized control
trials and animal studies are required to determine the
efficacies of these injections.
Surgical procedures are reserved for recalcitrant cases.
Minimally invasive and percutaneous techniques can be
performed with the assistance of ultrasound, but random-
ized control studies are still lacking. McShane et al per-
formed ultrasound-guided percutaneous needle tenotomy
for the treatment of lateral epicondylitis in 55 patients, and
63.6% (35 of 55 patients) reported excellent outcomes [42].
Lin et al demonstrated a novel technique of using percu-
taneous ultrasound-guided radiofrequency thermal lesion-
ing as a treatment for recalcitrant lateral epicondylitis. The
effect of pain relief may have been due to local neural
ablation or the induction of healing and regeneration of the
diseased tissue [43].the ulnar nerve (white arrow) in the normal position, which is
B) Transverse sonogram showing an anteriorly dislocated ulnar
lbow flexion. MEZmedial epicondyle; OZ olecranon process.
Fig. 11 Ultrasound-guided corticosteroid injection in
a patient with lateral epicondylopathy. The arrowheads indi-
cate the precise deep placement of the needle required to
reach the common extensor tendon. LEZ lateral epicondyle;
RHZ radial head.
94 C.-W. Lin et al.Conclusion
Sonography is a useful first-line screening and can be used
to evaluate elbow lesions, as well as guide therapeutic and
diagnostic interventions.References
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